Evidence for an EPR-detectable semiquinone intermediate stabilized in the membrane-bound subunit NarI of nitrate reductase A (NarGHI) from Escherichia coli.
Nitrate reductase A (NRA, NarGHI) is expressed in Escherichia coli by growing the bacterium in anaerobic conditions in the presence of nitrate. This enzyme reduces nitrate to nitrite and uses menaquinol (or ubiquinol) as the electron donor. The location of quinones in the enzyme, their number, and their role in the electron transfer mechanism are still controversial. In this work, we have investigated the spectroscopic and thermodynamic properties of a semiquinone (SQ) in membrane samples of overexpressed E. coli nitrate reductase poised in appropriate redox conditions. This semiquinone is highly stabilized with respect to free semiquinone. The g-values determined from the numerical simulation of its Q-band (35 GHz) EPR spectrum are equal to 2.0061, 2.0051, 2.0023. The midpoint potential of the Q/QH(2) couple is about -100 mV, and the SQ stability constant is about 100 at pH 7.5. The semiquinone EPR signal disappears completely upon addition of the quinol binding site inhibitor 2-n-nonyl-4-hydroxyquinoline N-oxide (NQNO). A semiquinone radical could also be stabilized in preparations where only the NarI membrane subunit is overexpressed in the absence of the NarGH catalytic dimer. Its thermodynamic and spectroscopic properties show only slight variations with those of the wild-type enzyme. The X-band continuous wave (cw) electron nuclear double resonance (ENDOR) spectra of the radicals display similar proton hyperfine coupling patterns in NarGHI and in NarI, showing that they arise from the same semiquinone species bound to a single site located in the NarI membrane subunit. These results are discussed with regard to the location and the potential function of quinones in the enzyme.